In the present paper data will be used from a variety of tests. Since a major application for superalloys is in gas turbine engines, data and experience pained from the burner rigs use to simulate gas turbine conditions will be used (1) . Results obtained from laboratory tube furnace tests will also be used extensively.
These latter tests usually involved the use of small test coupons (1 cm X 1 cm X 0.1 cm) exposed to well defined temperatures and gas compositions.
When deposits were placed upon such specimens it was accomplished by using an air brush and the deposits were reapplied at prescribed time intervals. Typical experimental techniques and procedures have been presented previously (2, 3) . Corrosion data will be presented and discussed for a number of superalloys. The nominal compositions of the superalloys discussed in this paper are presented in Table I Figure  1 and Table II 4.25 Figure   1 . For example the data presented in Figure  5 shows that the alloy B-1900 remains in the alumina region for much longer times than Mar M 200. Of course, as is evident in Figure  5 , the application of aluminide coatings to both.superalloys makes them remain in the alumina region even longer times than obtained for the uncoated alloys. The time over which nickel base superalloys can maintain protective, external scales of alumina or chromia is affected by temperature, the gas environment, and alloy composition. Generally the superalloys remain alumina or chromia formers for longer times as the aluminum or chromium concentrations are increased. Other elements do affect this time. The presence of small amounts of elements such as yttrium or cerium can cause this time to be significantly extended, since the adherence of the oxide scales is improved.
Such elements cannot be used in cast superalloys however because low melting phases become stable. The use of oxide dispersions, or the uniform distribution of oxygen active elements in alloys fabricated by hot isostatic pressing, appear to provide a means to obtain the useful characteristics of oxygen active elements without the adverse effect of these elements on the mechanical properties of the superalloys. In Figure 7 the oxidation resistance of some nickel base alloys are compared with 310 stainless steel. The alloy that is an alumina former and contains an oxygen active element is the most oxidation resistant. Generally the chromia formers have better oxidation resistance as the chromium concentration is increased.
The progressive development of the lesser protective oxides as the superalloys degrade is illustrated in Figure 8 by comparing metal recession for some nickeland cobaltbase superalloys (14).
Figure 7. Metal recession of several alloys exposed for times indicated in air at 1150°C (13).
Cobalt and Iron Base Superalloys
The cobalt and iron base superalloys usually cannot be made to contain enough aluminum to permit them to be alumina formers while maintaining the necessary mechanical properties. Such alloys must therefore utilize a Cr 0 scale to achieve oxidation resistance.
Hence the oxidation resistances of 2E1 t e cobalt and iron base superalloys are less than those of nickel-base superalloys that are alumina formers. Furthermore, even when considering the nickel-base superalloys that are chromia formers, as degradation begins, namely as the chromia scales become damaged, the less protective oxides formed on the nickel-base alloys contain significant quantities of nickel oxide compared to cobalt and iron oxides on the cobalt-and iron-base alloys, respectively.
Since nickel oxides are more protective than cobalt and iron oxides, the drop-off in oxidation resistance is more abrupt in the case of the cobaltand iron-base alloys compared to nickel-base alloys as shown in Figures 7 and 8.
The oxidation resistance of cobaltand iron-base superalloys usually increases with the chromium concentrations and the oxidation resistance of alloys with less than about 20% chromium is comparatively poor. Refractory elements such as tungsten and molybdenum have favorable effects on the selective oxidation of chromium in these alloys but when chromium is no longer selectively oxidized the oxidation of these refractory elements results in increased oxidation due to the development of less protective phases in the oxide scales (15). Figure  17 . In this Figure  conditions are depicted that could develop when a deposit is formed on an alloy such as shown in Figure  16 .
As so;-+ 02-+ so3 -f 02-+ so2 + l/2 o2 or Na2S04 z Na20 + SO 3 ' Na20 + SO2 f l/2 O2 Figure  20 where the salt deposit is considered to be innocuous when it is porous and the gas has free access to the superalloy. Figure  212da ?a are presented for two alloys exposed to a large amount of Na2 S04.
The Ni-8Cr-GA1 has undergone hot corrosion via basic fluxing and typical microstructural features developed as a result of this type of hot corrosion are shown in Figure  22 . The Ni-15Cr-GA1 did not undergo hot corrosion attack because a protective alumina scale developed on this alloy and consequently a large oxygen gradient was not established across the Na2S04 layer.
TiJith continued exposure the Ni-15Cr-6Al alloy will undergo a similar propagation stage. Thermal cycling of this alloy will shorten its initiation stage. The Ni-8Cr-6Al alloy is in the propagation stage whereas the Ni-15Cr-GA1 is still in the initiation stages.
are sulfur and chlorine.
Some typical results obtained with sulfur are presented in Figure  24 . In this Figure  cyclic oxidation data of a Ni-25Cr-6Al alloy are compared for cyclic oxidation in air after the alloy was pretreated at regular intervals with Na SO or by exposure in an H S-H gas mixture. 1000°C 2 psotective scale of Al 0 2 2 In normal oxidation at is stable for more than 120 hours. for the specimens which were prit?eated with Na SO However, or in the H S-containing gas, sulfides accumulated in the alloy with mic?ostructures sim?lar to that shown in Figure  15 , and after about 10 hours these sulfides resulted in the formation of nonprotective oxide scales. Sodium sulfate deposits are especially effective in causing the hot corrosion of some superalloys by sulfur induced effects. It is worth mentioning that some of the first cases of hot corrosion of superalloys in gas turbines involved sulfur induced degradation (35, 36) . Consequently this type of degradation was called sulfidation.
To this very day, hot corrosion and sulfidation are used by some as synonymous.
It is important to note that sulfidation is a specific form of hot corrosion but all hot corrosion attack does not take place via sulfidation.
In many of the deposits formed upon superalloys chloride ion can be present.
It is well documented that chloride ion in deposits does cause oxide scales such as alumina and chromia to become more susceptible to cracking and spalling (37). Also when chloride ion is present volatile chlorides of aluminum and chromium can be formed (34) .
Such products usually are formed at the point where the oxygen pressure in the deposit has been reduced to low levels. Hence chlorides are formed but as they move away from the alloy into regions of higher oxygen pressure they are converted to nonprotective oxides. Typical microstructural features are presented in Figure  25 where nonprotective ALLOY - Figure 22 . Upper photograph is photomicrograph of Ni-8Cr-GA1 alloy that has undergone basic fluxing.
The x-ray images show the distribution of different elements in the corrosion product at the corrosion front-alloy interface.
corrosion products are usually separated from the alloy by a zone composed of internal oxides with some porosity. A schematic diagram to illustrate the effects that can occur due to the presence of chloride in Na2S04 deposits is presented in Figure 26 .
Summary of Propagation
M0des.
In Table III the different hot corrosion propagation modes for superalloys are summarized. These modes are not independent of each other but are interrelated and the particular mode that is followed will be determined by the magnitudes of the parameters identified in Figure 14 . Figure 27 for an alloy with the chromium, aluminum and molybdenum concentrations in B-1900 but without any of the other elements. The alloy Ni-8Cr-GA1 is degraded via basic fluxing but this type of degradation is not self-sustaining and requires Na2S04 for the attack to continue. Hence the attack stops for 
